United States Patent m 

Tucker et al. 



[ii] 4,193,397 
[45] Mar. 18, 1980 



[54] INFUSION APPARATUS AND METHOD 

[75] Inventors: Elton M. Tucker, Medfield; Prank R. 

Prosl, Duxbury, both of Mass. 

[73] Assignee: Metal Bellows Corporation, Sharon, 
Mass. 

[21] Appl.No.: 9,756 

[22] Hied: Feb. 5, 1979 

Related US. Application Data 

[63] Continuation-in-part of Ser. No. 856,558, Dec 1 , 1977, 
abandoned. 

[511 IntO.2 A61M 31/00 

[52] VS.CL 128/207.19; 128/214 F 

[58] Field of Search 128/1 R, 172, 213 R, 

128/214 F, 232, 260, 268, DIG. 12; 3/1 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3,84^009 10/1974 Michaels et al. « 128/172 

3,923,060 12/1975 Ellinwood, Jr. ~ 128/214 F 

4,013,074 3/1977 Siposs 128/214 F 

4,056,095 1 1/1977 Rey et at - 128/260 

4,077,405 3/1978 Haertenetal 128/214 F 

4,137,913 2/1979 Georgi 128/214 F 

4,146,029 3/1979 Ellinwood, Jr 128/260 



Primary Examiner— Robert W. Michel! 
Assistant Examiner— C. F. Rosenbaum 
Attorney, Agent, or Flrm—Cesari and McKcnna 

[57] ABSTRACT 

An infusion apparatus and method employs an infusate 
reservoir connected by way of a first flow restrictor to 
a mixing chamber and a second infusate reservoir con- 
nected via a second flow path having a selected restric- 
tion characteristic to the same mixing chamber so that 
infusate may be conveyed to the mixing chamber in 
different concentrations or in different types. A nor- 
mally closed valve is provided in the second flow path 
so that the two infusates supplement one another in the 
mixing chamber only when the valve is opened. The 
reservoir and chamber volumes, infusate concentrations 
and chamber outlet flow rates are dimensioned to pro- 
vide an integrated dosage profile suited to the patient. 
The apparatus can also include an accumulator with a 
restricted inlet in the second flow path situated between 
the second reservoir and the valve so that when the 
valve is opened, infusate flows to the mixing chamber 
from the second flow path only if the accumulator has 
been replenished from the second reservoir. 

15 Claims, 14 Drawing Figures 
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tcntly or intentionally control the apparatus so as to 
INFUSION APPARATUS AND METHOD . administer an overdose of infusate. This not only ex- 

hausts the supply of infusate but also can result in injury 
RELATED APPLICATION \ % ; r t to the patient. An insulin overdose, for example, can 

m . ,. . .. • . • ^ n0 , ' 5 brine on hypoglycemic shock resulting in death to the 

This application is a continuation in part of our co- ulu ;p & J ° 

Dending application Ser. No. 856,558 filed Dec. 1, 1977 j patient. • . 

entitled IMPLANTABLE INFUSION SYSTEM, and More generally however, it wouW be desirable to 

band d provide implantable infusion apparatus which is small 

now an one . ^ d compact so as to occupy a minimum amount of 

BACKGROUND OF THE INVENTION 10 S pace in the body, yet which is able to supply the pa- 

This invention relates to an infusion apparatus and tientV infusate needs while still avoiding the need for 

method. It relates more especially to an improved infu- frequent refills or consumable power sources such as 

siori method rechargeable implantable pump for con- batteries. 

ducting infusate to a selected site in a living body. SUMMARY OF THE INVENTION 

Relatively recently, an infusion apparatus has been " 

developed which can be implanted in the body to re- Accordingly it is an object of the present invention to 

main there for a prolonged period. The apparatus can be provide improved implantable infusion apparatus which 

refilled with infusate without having to remove the can dispense infusate to a selected site in the body at a 

apparatus. Refilling is achieved simply by injecting very small flow rate continuously for a prolonged per- 

additional infusate through a penetrable septum in the 20 iod. 

apparatus, which septum is located directly under the Another object of the invention is to provide infusion 

patient's skin. In some cases, the act of refilling the apparatus of this type which can dispense infusate of 

apparatus with infusate . also recharges the apparatus* various types to the patient in a plurality of different 

power source so that the device can operate uninter- concentrations. 

ruptedly to dispense infusate such as insulin or heparin 25 ^ further object of the invention is to provide infu- 

at a very small flow rate for a prolonged period. An s j on apparatus of this general type which provide both 

example of infusion apparatus of this general type is tnc am j infusate needs of a patient for a 

disclosed in U.S. Pat. No. 3,731,681. prolonged period, yet which is still relatively small and 

It has also been proposed to control the infusate flow CO mpact. 

from such apparatus by means of a valve controlled by 30 ^ notftcr object of the invention is to provide such 

a programmable controller so that the dosage rate can appar atus whose bolus infusion is patient-actuated, yet 

be var ied to suit par ti cula r needs of the patient. For which av oids the possibility of a patient-administered 

exampieTtn the case of insulin, ideally the patient should infusate overdose. 



cAuuipic, in iu* v »- r ™ mtusate overaose. 

receive a small continuous or basal dose to satisty a Another object is to provide such apparatus which 

particular steady state requirement that depends upon 35 ^ ^ ^ ^ 0 f a battery powered source, 

the average amount of sugar in his blood. Then immedi- A is to prov ide apparatus of the type 

ately after a meal when blood sugar level rises dramati- provides improved bolus infusate flow control, 

cally, the infusion apparatus should dispense a much ^ fe a mofe ^ ob j ect of the present invention to 

larger dose (prolonged bolus) of insulin to offset the de ^ lantaWe frfaion apparatus which permits 

increased sugar level caused by the ingestion of die 40 v ^ ^ ^ providing in fusate in 

ut different concentrations of different kinds under sepa. 

control pulses in frequency and/or Oration to control ^ h t0 ide „ infusion met hod 

tttttt&ttSSZZ « ^j-yg- - "» — - *• 

^Problems with prior infusion apparatus of the type Othe r ^ will in part be obvious and will in part 
described above arises because ^^^^ ^£^i«rf^y comprises the combina- 
have the same ^^^^.^^ »^ « tio n of steps, the features of construction, the combina- 
from the same infusate reservoir ins de the appa^tus 50 o V* arrangement of parts as will be 

and incorporation of the Suited in the following detailed description, and 

SKBK^ r - opc of the invcntion ^ * indicated in thc 

tsssi ass: 3 vsssx » *su. - <. - — ^ 

reservoir volume .T the concentration is set to meet the concerned here has particular application as a soiled 
eaSent oTfhe basal condition. The desirability of artificial pancreas to dispense insulin to a diabetic pa- 
SS^STfttfte reduced due to the need for the tient to counteract excessive glucose present in he 
batteries for the electrical power source/These must be patient's bloodstream. Accordingly we will describe the 
periodica ? recharged or replaced. Furthermore, the 60 invention in that context. It should be understood, how- 
S Lr hL to be quite large to provide both ever, that the apparatus can be used to dispense a van- 
basal and bolus flows while at the same time avoiding ety of other infusates into a human or animal body for 
the need for frequent refilling. The large reservoir of various purposes. 

course increases the overall size and weight of the pump The average diabetic should receive a basal dosage of 
package implanted in the body to the discomfort of the 65 insulin continuously m response to changes in the Jevel 

patient of g ,ucose in Ms bloodstream. In addition, he should 

Prior controllable infusion apparatus is disadvan- receive larger, short-term so-called bolus doses iof insu- 

taged also in that it is possible for the patient to inadver- lin to offset much higher short-term glucose levels in 
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the bloodstream which may be present particularly . since it is no longer necessary to use relatively large 

after meals. Moreover the bolus doses should be intro- volumes of low concentration infusate to provide the 

duced into the bloodstream and take effect as soon as requisite bolus doses when called for by the patient's 

possible and should terminate as the glucose level is particular prescription. 

returned to its basal state. The present invention accom- . 5 While it is contemplated to use a battery powered 
plishes these objectives without implanted electrical electrical valve in the present apparatus, a preferred 
power and with a small compact package which occu- pump embodiment employs a valve that can be actuated 
pies a minimum amount of space in the body. extracorporeally either manually or magnetically. In 
Instead of dispensing insulin of a given concentration this, the valve is mounted in the housing with its actua- 
te the infusion site from a single reservoir at different 10 tor situated directly under the patient's skin. Therefore 
rates to provide the basal and bolus doses to the patient, by placing a magnet directly over that skin area or by 
a plurality of reservoirs are employed each operating depressing that skin area, the valve can be opened to 
independently and complimenting the other. Thus, the initiate each bolus dose. 

apparatus includes a main (basal) reservoir to supply the j n ^me situations it is desirable to limit the bolus dose 

patient's basal dosage requirement and a secondary 15 the apparatus can dispense within a selected time period 

(bolus) reservoir to provide the bolus doses. The main lo prevent possible injury to the patient. For example, a 

basal reservoir has an outlet including the filter and person may not remember that he has actuated the 

flow restricter. Likewise the bolus reservoir has an valve and rece j ve d a bolus dose after a given meal and 

outlet including a separate filter and flow restricter. The may actuate tne valve two or more times within a short 

outlets of the two reservoirs join at a small mixing 20 time j nterva j. To avoid that potential problem, the pres- 

chamber downstream from their flow restricted and m apparatus includes an auxiliary infusate reservoir or 

suitable tubing leads from the mixing chamber to the accumu lator which may be similar to the others but 

infusion site in the patient's body. Located in the outlet which . & qujte $maU ^ connecte d in the fluid path 

from the bolus reservoir between its now restricter and from tne bo , us reservoir upstr eam from its valve, 

the mixing chamber is a normally closed valve. When 25 Moreover> the outlet from the ^us reservoir in- 

the valve is closed, infusate flows only from the basal cJudes ft flow restricter which | imits infusate flow from 

reservoir to the mixing chamber and thence to the infu- ^ ^ reservoir to the auxi i iary rese rvoir so that the 

sion site. On the other hand when the valve is open, he rese rvoir cannot be filled more than once in a 

infusate flow from the basal reservoir is supplemented time period, e.g. 5 to 7 hours. Therefore, each 

by the flow from the bolus chamber. 30 Time the patient actuates the valve to obtain a bolus dose 

Preferably each reservoir is of the type disclosed J ofmfusate that he can 

US. Pat. No ■ a ^W^SSSM | vjrja^^g otoin -^^^ 

at physiological temperatures so as to exert sufficient 35 comprise one bolus dose or less. Thus i the patient 

pressure onThe chamber walls to expel the infusate from the va \ ve ™X?Z^J1 ^Iwtt Wr 

the chamber to the infusion site. However, other types forgetfulness actuates the vato^™ »™^t later 

of infusate reservoirs can be employed. One such other he wl » not . receive any apprectab le additional high 

reservoir is disclosed in U.S. Pat. No. 3,894,538. concentrate infusate be^u^^^ 

Preferably also, provision is made for refilling each 40 *o h*ve yet been refilled from he bo hu ™. 
infusate reservoir by injecting fresh infusate through a ln accordance with our techniques, the infusate con- 
penetrable septum in an inlet passage leading to the ^rations reservon^and mixing ch^ 
infusate chamber and located directly under the pa- How rates to and from the chamber are selected to 
tient's skin. The refilling operation also recharges the Provide an integrated dosage profile from the appara- 
reservoir's power cell as disclosed in the aforesaid pa- 45 <us, which is tailored to the ; patient s requirements. Thus 
tents K the infusion technique of the present invention provides 

Since the present apparatus includes two separate both the long term continuous basal infusate require- 

independent infusate reservoirs, different insulin con- ment 0 f the patient and the intermittent larger bolus 

centrations can be contained in the apparatus. The main doses for a prolonged period between apparatus refills, 

reservoir may contain insulin in a relatively low con- 50 Yet the apparatus used is relatively small and compact 

centration to supply the basal requirements of the pa- so that it causes a minimum amount of discomfort to the 

tient, while the secondary reservoir may contain insulin patient. 

in a much higher concentration to provide the bolus Further, the infusion apparatus can be operated to 

doses for the patient The ability of the apparatus to provide bolus flow by the patient himself with minimum 

store and dispense insulin in both high and low concen- 55 risk of infusate overdose caused by excessive actuation 

trations means that the bolus needs of the patient can be of the bolus valve. More generally, the apparatus of this 

supplied over a long term without depleting the supply invention is rugged and reliable and can remain in the 

of insulin. patient for a prolonged period without maintenance. 

In other words, whereas the prior apparatus of this BRIEF DESCRIPTION OF THE DRAWINGS 
type provide bolus doses simply by increasing the 60 

amount of flow of the same infusate used for the basal For a fuller understanding of the nature and objects 

dose, the present apparatus delivers infusate at an en- of the invention, reference should be had to the follow- 

tirely different concentration for the bolus dose. Also if ing detailed description taken in connection with the 

the valve used to control bolus flow is electrically oper- accompanying drawings, in which: 

ated rather than mechanically actuated, its duty cycle is 65 FIG. 1 is a top plan view of implantable infusion 

short so that a minimum amount of energy is required to apparatus embodying the principles of this invention 

power the valve. Still further, the total infusate volu- and for practicing our method; 

metric requirements of the apparatus are minimized FIG. 2 is a sectional view along lines 2—2 of FIG. 1; 
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FIG. 3 is an enlarged sectional view along lines 3-3 bolus bellows capsule 38 is secured to the inside of 

f FIG 2 cover 34 near the outer edge thereof, the opposite cap- 

FIG.'4Aisa S imilarviewalongUnes4A-4AofFIG. sule end 386 being closed. The central portion 34a of 

r»vj. ■»« » o s 34 jj^j^g thc beii ows capsule 38 is dished for the 

FIG. 4B is a similar view along lines 4B^4B of FIG. 5 same reasons discussed above in connection with cover 

1J FIG. 4C is a similar view along lines 4C-4C of FIG. Capsule 38 is, like capsule 2* ^ welded meml bellow^ 
nu. -.v, » ° its ex tended volume bemg about one-fifth that of cap- 

FIG. 5 is a diagrammatic view of the infusion appara- sule 22, e.g. 4 ml. The space inside bellows capsul* =38 fa 
r#v * ?nn 10 the secondary infusate reservoir that contains the 

^FIGS 6A V to oC are graphical illustrations of valve higher concentration infusate suitable for the bolus 
rujs. _io arcs v 300-400 units per milliliter. A fluid outlet 

l ^Si^l£2^.SS^of f^the'capsule is provid^through an ope«^42in 
.u cover 34. The space outside capsule 38, but inside cbam- 

FIGS." SA^ugTaC are graphical illustrations of 13 ber 36 contains a two-phase fluid °f ^ ^ de^rib^ 
p,n i aonaratus above in connection with capsule 22. At physiological 

flows in the FIG. 7 apparatus. temperatures that fluid exerts pressure on capsule 38, 

DESCRIPTION OF THE PREFERRED causing the capsule to collapse and expel its contents 

EMBODIMENTS through opening 42. 

Referrina first to FIGS. 1 and 2 of the drawings, the 20 Nested between cover portions 126 and Ma is a third 

bich thick. Actually housing 10 is composed of a pair of 25 otherwise secured to the inside of cover 50 near ito edge 
none and taSeTcuS Ltions loTand 106 which and the opposite end 526 of the capsule is closed. The 
r^rgX'itheir rims along with the edge space inside ^ "» r — 

torf '^?Sy^?S5?5r2K ^0™^^ to' lapsed condition, the 
mTt r ma d y » dSSbSi^M 30 space outside capsule 52, yet inside 

5 Zr to otto appropriaii means. Plate 12 forms a compressible fluid, a spnng or a two-pha« flu^ which 
h^der for aLllowscapsule 22 situated in compartment at body temperatures, exerts less pressure on capsule 52 

"if o^e end 2^rflTbellows capsui riT^cldea; than tbesimilar fluid exertt roncapsute 38 but -enough-to- 

iLSorTtherwise secured to an edgemargin of plate expel infusate into the patient^ arterial or venous sys- 

^SaTS portion 126 of plate 12 inside the volume of capsule 3J **00J mLA fluid inlet to the 

W ail 226 prevents excessive compression of the bellows 40 capsule 52 is provided by a passage 58 in the cover near 
which event might cause undue stresses on the capsule. its edge. com nartment 14 

The dished portion also maximizes the volume of hous- Refernng now to FIGS. 1 and 4B,, 

XismTuc^^ Smize the capsule ^«-^^«^«--» ta,ta '^ ,lt -" 

vntrnnleo 20 ml The space inside the capsule consti- quite small, e.g., 0.012 inch l.u. 
S^^^^fa»rttte«^co««. Filter unit 59 comprises upper jnd lower circular 
S&TeT 20-30 units per milliliter. A fluid outlet shells S9a and 596 whose runs interf.t so that the wo 
gSSf- voiume'oTthccap.uleisprovmedat 50 ^-^^^KS^ 

SdWh "ti^ Jotl^nTwhich vaporixes* Sandwiched between ^ ^ «J 

Zoological temperatures to provide sufficient force 55 element (not shown) providing filtrate* »to_ about 022 

Ic tSST< aS$t 22 and expel infusate therefrom microns. An C^ng« encircles elemen 

hrS ite outlet 24. If the apparatus is dispensing infu- 596 to provide a seal between the shell and th s filter 

suffice. Ven- o- ^taneous infusion requires less uted J^-E^S 

^ref^ni to FIGS. 1 and 2, situated in housing filter outlet 65 is formed in the top wall of shell 59, 

complS 14 is a secondary oroolus reservoir subas- From filter unit 59. ^(^oa "psu^outiet 24 

s^mM^icated generally at 28. Subassembly 28 com- flowstoaflowreancte, r72. n^^co^wM 

prises an inverted cup 32 nested in the top of housing As shown in FIG. 4C, the « «. "»W » 
section lOo near one side thereof. Cup 32 fa provided 65 length of capillary tubing 74 coiled made a .ring 76. the 

wHhTcircuhxcover 34 whose edge is welded or other- space in and around the coil being filled with potting 

wfae Lcnr^oTfe rin7oTcup32 to form a closed com- material 78. The restricter can be Mof many configura, 

^nU?inide the cup. One end 38a of a second or tions. See U.S. Pat. No. 3.951,147. The outlet 65 of filter 
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62 is connected by tubing 84 to one end of the coiled 
capillary tubing 74, the opposite end of the tubing being 
connected by tubing 86 to a mixing chamber indicated 
generally at 88 formed in a radially recessed portion 90 
in the side wall of housing section 10a as best seen in . 5 
FIG. 2. From the mixing chamber 88, the ihfusate is 
conducted by way of tubing 92 to an infusion site in the 
patient, the opposite end of tubing 92 being fitted with 
an appropriate catheter. 

A second filter 102 is positioned in housing compart- 10 
ment 14 to receive the bolus infusate from bellows cap- 
sule 38. Fluid communication is achieved between those 
two components by a length of tubing 104 (FIG. 2) 
extending between the capsule outlet 42 and the filter 
inlet. Filter 102 is identical to filter 62 illustrated in FIG. 15 
4B and accordingly it will not be detailed. From filter 
102, the bolus infusate proceeds to a second flow re- 
stricter 106 which is, except for its length perhaps, iden- 
tical to the restricter 72 illustrated in FIG. 4C. There- 
fore, we will not describe the restricter 106 in detail. 20 
The fluid output from restricter 106 is fed to the auxil- 
iary bellows capsule 52 or accumulator by means of 
tubing 108 extending between the flow restricter and 
the capsule inlet 56. Infusate flow out of that capsule is 
through tubing 110 connected between capsule outlet 25 
58 and a valve assembly mounted in housing compart- 
ment 14 and indicated generally at 112. 

From the valve assembly, the bolus infusate is con- 
ducted by tubing 114 containing a flow restricter 116 to. 
mixing chamber 88. Restriction 116 is present simply for 30 
flow definition and smoothening purposes and that 
function may very well be provided by the regular 



8 



comparable material sandwiched between disk 124 and 
plate 142. One end of the tubing communicates with 
tube 110 leading to the outlet of auxiliary bellows cap- 
sule 52. The other end of the tubing connects with the 
tube 114 leading to the restrictor 116 and mixing cham- 
ber 88. The flexible tubing is recessed into a groove 
124a formed in the underside of disk 124 to maintain the 
tubing in a centered position in the assembly. 

When there is no pressure on the button 146, both 
springs 126 and 128 are extended so that the button is in 
its uppermost position. In that position, the plate 134, 
being biased upwardly by spring 128, assumes its upper- 
most position thereby drawing plate 142 up along with 
it and squeezing the tubing 158 between plate 142 and 
disk 124 so that no fluid can flow through the tubing. 
On the other hand, when button 146 is depressed, the 
plates 134 and 142 are forced downwardly so that the 
tubing 158 assumes its normal cylindrical shape allow- 
ing fluid to flow from bellows capsule 52 to mixing 
chamber 88. 

The advantage of utilizing the double spring arrange- 
ment illustrated in FIG. 2 is that the force which com- 
presses the relatively delicate flexible tubing 158 is pro- 
vided by the relatively light-weight spring 128. On the 
other hand, the heavy spring 126 determines the force 
required to depress button 146 sufficiently to open the 
valve. Desirably, the required actuating force should be 
relatively great so that the valve cannot be opened 
accidentally. In other words, a single spring could not 
provide both a relatively small squeezing force on tub- 
ing 158 and a relatively great return bias force on button 
146. 



tubing segment between the valve assembly and the 
chamber. 

As best seen in FIGS. 2 and 3, valve assembly 112 35 
comprises a generally cylindrical cup 118 which fits in 
an opening 120 formed in the top of housing section 10a 
so that a small length of the cup projects out through 
the top of the opening. A circumferential welded seam 
122 connects the cup to housing section 10a. Positioned 40 
at the bottom of cup 118 is a circular disk 124 which 
supports a relatively heavy coil spring 126, the disk 
being grooved to center the spring. A second, lighter 
coil spring 128 positioned inside spring 126 also rests on 
disk 124 being centered there by a raised boss 132 on 45 
that disk. 

Seated on the spring 128 inside spring 126 is a circular 
plate 134 having a central boss 134a projecting down 
into spring 128. Plate 134 supports the upper ends of 
four posts 136 which extend down between springs 126 50 
and 128 and through loose-fitting openings 138 in disk 
124. Connected to the lower ends of those parts is a 
circular plate 142, clearance for the plate being pro- 
vided by an opening 144 in the bottom wall of cup 118. 

The valve assembly also includes an actuating button 55 
146 in the form of an inverted cup which fits down 
snugly inside cup 118 resting on the upper end of spring 
126. Button 146 has a depending axial nose 146a which 
projects down into a mating opening 1346 in the top of 
plate 134 to help center the components of the valve 60 
assembly. A flexible, resilient circular membrane 152 is 
positioned at the rim of cup 118 and retained there by a 
circular internally threaded ring 154 which is turned 
down onto external threads 156 on the projecting por- 
tion of cup 118. Membrane 152 provides a resilient 65 
impervious seal all around the button. 

The final component of the valve assembly is a length 
of flexible resilient tubing 158 made of silastic or other 



Referring now to FIGS. 1 and~4A, provisiorTis made" 
in the present apparatus for refilling bellows capsules 22 
and 38 with the basal and bolus infusate. More particu- 
larly, a self-sealing penetrable septum assembly shown 
generally at 162 is mounted at one side of housing sec- 
tion 10a through which infusate at the basal concentra- 
tion can be injected into the apparatus to refill bellows 
capsule 22. A similar assembly indicated generally at 
164 is located on the opposite side of housing action 10a. 

Both of these septum assemblies are identical so that 
only the former one is illustrated in detail in FIG. 4A. It 
comprises a cup 168 positioned in an opening 170 in the 
top wall of housing section 10a, the rim of the cup 
projecting above the housing wall. A circumferential 
weld 171 permanently connects the wall of the cup to 
the edge of opening 170 inside the housing section. Cup 
168 has a relatively large diameter upper section 168a 
and a smaller diameter lower section 168a defining a 
cylindrical space 172. An opening 174 is provided in the 
bottom wall of cup 168 in which is connected one end 
of a tube 176 which leads to the bellows capsule 22. 

Seated in the cup section 168a is a wafer-like penetra- 
ble septum or plug made of rubber or other comparable 
material. The septum is held in place by a ring 180 
which is externally threaded so that it can be screwed or 
pressed down onto the projecting portion of cup 168 
which carries, internal threads 182. In the bottom of cup 
168 is a needle stop 183 such as a wafer or teflon or 
other plastic material to receive the needle point during 
refill. Holes. through the wafer allow the infusate to exit 
the chamber. 

To refill capsule 22, a hypodermic needle is pierced 
through septum 178 so that it projects into chamber 172. 
Thence the infusate is injected into the chamber 172 
whereupon it flows through tube 176 under the injec- 
tion pressure to the bellows capsule 22. The incoming 
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infusatc extends the capsule and thereby compresses.the . and volumetric flow rate through restrictor 11 to the 

two-phase fluid in : housing compartment 16, thereby . . mixing chamber. When the patient activates valve 112 

recharging the power cell that drives that capsule.all as at meal time T m , there is a rise in the total volumetric 

described in the aforesaid patents. . flow rate at the catheter due to infusate flow from the 

In the same fashion, capsule 52 is refilled and its 5 accumulator reservoir through the valve to the mixing 

oower cell recharged by infusate injection through chamber 88. At this time the increased concentration 

seotura 164. from ^ accumulator is not observed. This flow in- 

Refer now to FIG. 5 of the drawings which is a dia- crease and dose increase is reflected by the curve seg- 
grammatic view showing more clearly the flow paths ment B in FIG. 6C. Assuming valve 112 is maintained in 
between the various infusion apparatus components and 10 its open position sufficiently long to allow accumulator 
to the waveforms in FIGS. 6A to 6C depicting the 52 to expel its entire contents, e.g. about 12 seconds, a 
basal, bolus and integrated unit flow rates for the appa- bolus dose of high concentration i infusate is issued to 
ratus in operation. For purposes of this description, we chamber 88 where it mixes with the basal infusate pres- 
will assume that the basal reservoir 22 has been com- ent there so that a short-lived -slug" of high concentra- 
nletely filled and charged by injection of infusate in the 15 tion infusate at a high flow rate is dispensed to the pa- 
basal concentration through septum 162. Likewise, the tient as indicated by the curve segment C m FIG. 6C. 
bolus reservoir 38 has been filled and charged by injec- If the volume of the mixing chamber 88 approaches 
tion of the bolus infusate through septum 164. Basal zero, the dose rate of infusate drops to a level that is still 
infusate flows through filter 59 and flow restrictor 72 to higher than the original basal rate, as indicated by the 
the mixing chamber 88 at a very slow rate, e.g., on the 20 curve segment D in FIG 6C (smce the high volumetric 
order of 0.6 ml/day, the specific rate depending upon flow rate has ceased, the does is defined by the flow rate 
the particular patient's basal insulin requirement. From of restrictor 72 and the concentration in the bolus reser- 
chamber 88 the infusate proceeds through tubine 92 to voir). The dose rate remains at that level for a relatively 
the catheter and into the patient's physiological system. long period indicated which time duration depends 

The infusate from the bolus reservoir 38, on the other 25 upon the volumetric flow rate through restnctor 72 and 

hand, proceeds through filter 102 and flow restrictor the volume of liquid in the mixing chamber and the 

m at an even slower rate of about 0.16 ml/day to outlet catheter. After that time the unit rate falls back 

accumulator 52. The incoming infusate gradually ex- to the original basal rate as the low concentration mru- 

tends the accumulator in opposition to the gas pressure sate at the flow rate for restnctor 72 mixes with and 

or spring bias thereon until the accumulator is fully 30 reduces the concentration of liquid in Remixing cham- 

extended in which position it may hold, for example, ber as shown by curve segment E in FIG. 6C. 



0 044 ml. constituunfi. say, one ooius lniujuon uuac tui a .*ww*,vw, «~ - , , w . _ . 

j£S irfusate flow from accumulator 52 to the mfa- peak (because of mbring of basal ^ e us or c ?^«- 
toe chamber 88. Accordingly as seen from FIG. 6A, the 35 tions) indicated in FIG. <C trails off more or less in an 
SentTSves Continuous infusate dose a, the basal expotential fashion as indicated by thedotted line curve 
Concentration at a rate of about 0.6 ml/day. W, in that figure. Likew.se the transrtior ,from the 

Assume now that the patient consumes a meal at time tagher rate at curve segmen D to *e basal rate at seg- 
T At that time, the patient's blood sugar level nor- ment E falls off expotenhally as shown by the dotted 
SSw teS E*e rZESS dramatically so that the 40 line curved W 2 in FIG. 6C. The time constants of the 
S I teuhn dosage does not suffice to offset the in- ain««»neBl.W,« S dW l «bev^lvvMym^ 
erased glucose level in patient's bloodstream. The volume of chamber 88 the differences in drug concen- 
Ltient can actuate the valve 112 by manually depress- trations and the flow rate through restnctor tube 72 
tag Tutton 14« positioned under the patient', skin. The Thus, in the present apparatus, as soon £ rt*r valve 
opening of that valve permits the accumulator 52 to 45 112 controlling the bolus flo* -is opened when the need 
Sdta contents through the restrictor 116 to the mix- arises, high concentration in usate is «™^»^ 
S chamber 88 a relatively high rate for a very short pensed to the pauent with minimal system nsta. On 
toeperiod,say320ml/day forseveralsecondsorafew the other hand, the desued dosage transition from the 
minutes. Even though accumulator 52 has a very small bolus back down to the basal rate may vary from patient 
volume, it contains infusate in a high concentration 50 to patient. For example in one patient * may take a 
presenting a large total bolus dose. Accordingly as seen fairly long time for his glucose level to drop back tc , rts 
from FIG. 6B, the dosage rate measured in infusate ambient level after a meal due to physiological factors, 
units per day is quite high, if short-lived, due to the high while another patient may reach his nominal glucose 
Z lumetrte flow rate and the high drug concentration level more quickly. The present apparatus is advan- 
ZT^LcZZlrtoihemiLgclLbcv. 55 taged, then, in that its integrated infusate output ttr each 

In chamber 88, the bolus infusate mixes with and patient can be tailored to suit his particular needs by 
supplements the basal infusate still arriving from the proper selection of basal and bolus infusate concentra- 
basal reservoir 22. with the integrated infusate dosage to tions mixing chamber and catheter volume, restrictor 
the patient being reflected in FIG. 6C. As shown in that flow rates and valve actuation time. Accordingly, the 
figure, the integrated flow rate is not simply the instan- «0 apparatus allows great flexibility m prescribing infusate 
taneous sum of the basal and bolus rates illustrated in to a patient over a prolonged period. 
FIGS. 6A and 6B. Rather, it is a more complex function Also, because the apparatus dispenses high concen- 
of reservoir volumes, infusate concentrations, flow path tration infusate for the bolus doses, ^ lo w centra- 
resistance, mixing chamber volume, outlet tube volume tion basal supply is not. depleted for that purpose as in 
and v^ve-on time 65 prior apparatus of this type. The bolus reservoir can 

More particularly, the segment of the FIG. 6C curve have a relatively small volume and the valve-open time 
indicated at A denoting the basal infusate flow rate is, of of the valve 112 can be quite short thereby conserving 
course, a function of the basal infusate concentration energy in the event that an electrically operated valve is 
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employed. Accordingly, the apparatus can remain im- 
planted in the body for a prolonged period, e.g. a year 
or more, without having to be recharged, with only 
relatively infrequent, e.g. monthly, infusate refills being 
required during that period. 

Still referring to FIG. 5, it is important to note that 
the present apparatus also protects the patient from 
inadvertant bolus infusate overdoses in the event that 
valve 112 is opened repeatedly or is held in the open 
position. More particularly, each time valve 112 is 
opened by the patient, the maximum volume of bolus 
infusate that is dispensed to the patient is the contents of 
accumulator 52 representing, say, one bolus infusate 
dose. This is because the flow restrictor 106 between 
filter 102 and the accumulator is such that the accumu- 
lator is refilled from reservoir 38 at an extremely slow 
rate, e.g. 0.16 ml/day. Accordingly, even if the valve 
112 remains open for a long time, e.g., an hour, the 
patient still receives not much more that one-quarter of 
the bolus dose of infusate. 

By the same token, if the patient has actuated the 
valve at meal time and received a bolus dose to offset 
the increased blood sugar level caused by that meal and 
then inadvertently actuates the valve again a short time 
thereafter, he will receive only a very small amount of 25 
infusate because the accumulator 52 will not have been 
replenished with a significant amount of infusate from 
reservoir 38 during that time. 

Thus while it is not required in the present apparatus, 
the provision of an accumulator located between an 30 
upstream very low flow rate restrictor from the bolus 
reservoir and a downstream valve constitutes a signifi- 
cant safety"feature~in apparatus~such~as"this"where~the 



Moreover, the infusate flow rate characteristics can be 
tailored with precision simply by modifying the flow 
rates and volumes of the apparatus components, partic- 
ularly the mixing chamber and the apparatus outlet 
5 tube. Since the apparatus can dispense infusate in differ- 
ent concentrations, it can supply the patient's basal and 
bolus requirements in a minimum overall package so 
that the presence of the apparatus in the body is not 
unduly discomforting in terms of the space that it occu- 
10 pies in the body or in terms of the frequency with which 
it must be refilled or recharged. 

It will also be seen that the objects set forth above, 
among those made apparent from the preceeding de- 
scription, arc efficiently attained, and since certain 
15 changes may be made in the above method and in the 
constructions set forth without departing from the 
scope of the invention, it is intended that all matter 
contained in the above description or shown in the 
accompanying drawings shall be interpreted as illustra- 
20 tive and not in a limiting sense. 

It is also to be understood that the following claims 
are intended to cover all of the generic and specific 
features of the invention herein described. 
We claim: 

1. Nonelectrical implantable infusion apparatus com- 
prising: 

A. a housing; 

B. a first collapsible infusate reservoir having an out- 
let and positioned inside the housing; 

C. means for collapsing said first reservoir to expel 
infusate from its said outlet; 

D. a second collapsible infusate reservoir having an 
outletandpositionedin-the-housing;- 



35 



patient himself administers the bolus infusate doses. It 
should be understood, however, that even if the accu- 
mulator is not utilized, the present apparaus has the 
same advantages in terms of infusate dosage flexibility, 
reliability and power conservation described above. 

While it is preferable that the implantable infusion 
apparatus employ two infusate reservoirs to conserve 40 
basal infusate and to minimize the valve 112 duty cycle, 
a modified embodiment has a single reservoir which, 
combined with valved and unvalved flow paths leading 
to an outlet will provide an integrated infusate dose 
similar to the one described above. FIG. 7 shows such 45 
an apparatus employing a single reservoir 270 con- 
nected by way of a flow restrictor 272 to a T fitting 274. 
A second flow path leading from reservoir 270 commu- 
nicates with the fitting by way of a valve 276 and flow 
restrictor 278. The T fitting is, in turn, connected by 
way of a tube 280 to a catheter at the infusion site. Also, 
of course, an accumulator restrictor such as accumula- 
tor 52 with a restricted inlet can be provided upstream 
of valve 276 as in the case in the apparatus illustrated in 
FIG. 5. 

The restrictor 272 provides a relatively slow basal 
flow rate to chamber 274 as indicated by the waveform 
in FIG. 8A. On the other hand, the restrictor 278 pro- 
vides for a much greater or substantially unrestricted 
bolus flow from reservoir 270 to the fitting 274 when 60 
the valve 276 is opened at meal time as indicated by the 
curve in FIG. 8B. The integrated unit dose rate that is 
dispensed at the infusion site is represented by the curve 
in FIG. 8C 

It will be seen from the foregoing, then, that the 65 
present implantable infusion apparatus dispenses infu- 
sate in one or more concentrations of one or more types 
at rates to suit the particular patient's requirements. 



50 
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E. means for collapsing said second reservoir to expel 
infusate from its said outlet; 

F. mixing means inside the housing and having a 
selected volume; 

G. a first flow path having a first flow restriction 
characteristic connected betwecm said first reser- 
voir and said mixing means; 

H. a second flow path having a second flow restric- 
tion characteristic connected between the said sec- 
ond reservoir and the mixing means; 

I. a normally closed valve connected in said second 
flow path so that infusate flows from said second 
reservoir to the mixing means only when said valve 
is opened, the infusates from said first and second 
reservoirs, when said valve is opened, supplement- 
ing one another in the mixing means to produce an 
integrated dosage, and 

J. a fluid outlet from said mixing means for conduct- 
ing said integrated dosage to an infusion site. 
2. Implantable infusion apparatus comprising: 

A. a housing; 

B. a first collapsible infusate reservoir having an out- 
let and positioned inside the housing; 

C. means for collapsing said first reservoir to expel 
infusate from its said outlet; 

D. a second collapsible infusate reservoir having an 
outlet and positioned in the housing; 

E. means for collapsing said second reservoir to expel 
infusate from its said outlet; 

F. mixing means; 

G. a first flow path having a first flow restriction 
characteristic connected between said first reser- 
voir and said mixing means; 

H. a second flow path having a second flow restric- 
tion characteristic connected between said second 
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reservoir and the mixing means, said second flow 
path restriction characteristic being less restrictive 
than said first flow path restriction characteristic; 

L a normally closed valve connected in said second 
flow path so that infusate flows from said second 5 
reservoir to the mixing means only when said valve 
is opened, the infusates from said first and. second 
reservoirs, when said valve is opened, supplement- 
. ing one another to produce an integrated dosage, 
and 10 

J. a fluid outlet from said mixing means for conduct- 
ing said integrated dosage to an infusion site. 

3. The apparatus defined in claim 2 wherein said first 
reservoir contains: 

A. a low concentration infusate, and »5 

B. the second reservoir contains a higher, concentra- 
tion infusate. • • ' • " " ' 

4 The apparatus defined in ciaiin 3 wherein said 
second reservoir contains a different fluid than said first 
reservoir. 20 

5. Implantable infusion apparatus comprising: 

A. a housing; ... 

B. a first collapsible infusate reservoir having an out- 
let and positioned inside the housing; 

C. means for collapsing said first reservoir to expel 25 
infusate from its said outlet; 

D. a second collapsible infusate reservoir having an 
outlet and positioned in the housing; 

E. means for collapsing said second reservoir to expel 
infusate from its said outlet; 30 

F. mixing means; 
n a fir** flow pat h havin g a first flow restriction 



characteristic connected between said first reser 
voir and said mixing means; 
H. a second flow path having a second flow restnc- 35 
tion characteristic connected between said second 
reservoir and the mixing means; 
L a normally closed valve connected in said second 
flow path so that infusate flows from said second 
reservoir to the mixing means only when said valve 40 
is opened, the infusates from said first and second 
reservoirs, when said valve is opened, supplement- 
ing one another to produce an integrated dosage, 
J. a fluid outlet from said mixing means for conduct- 
ing said integrated dosage to an infusion site; 45 
JC a fluid accumulator positioned m the housing and 
connected in said second fluid flow path upstream 
from said valve; 
L flow restricting means connected in the second 
flow, path between the second reservoir and said 50 
accumulator, said restricting means having a re- 
striction characteristic which is considerably more 
restrictive than said first and second flow path 
restriction characteristics, and 
M. said accumulator expelling its contents to said 55 
mixing means when said valve is opened so that the 
integrated dosage is dependent upon the various 
concentrations and volumetric flow rates. 

6. The apparatus defined in claim 5 wherein: 

A. the volume of said accumulator is a small percent- 60 
age of the volume of said second reservoir, and 

B. said restricting means permits only a very small 
flow rate between the second reservoir and the 
accumulator so that it takes a relatively long time 
to refill the accumulator from the second reservoir 65 
between said valve openings. 

7, The apparatus defined in claim 1 wherein said 
collapsing means comprises a two phase fluid power 



cell associated with each saicl reservoir, the fluid in said 
power^cells vaporizing at physiological temperatures. 
8. Implantable infusion apparatus comprising: 

A. a housing: ! - 

B. a first collapsible infusate reservoir having an out- 
let and positioned inside, the housing; 

C. means fo^-collapsing said first reservoir to expel 
infusate from its said outlet; v: . ■ 

D. a second collapsible infusate reservoir having an 
outlet and positioned in the housing; 

E. means for collapsing said second reservoir to expel 
infusate froni its said outlet; 

F;*mixing means;' ' 

G; a first flow path having a first flow restriction 
., characteristic connected between said first reser- 
voir and said mixing means; 

H. a second flow path having a second flow restric- 
tion characteristic connected between said second 

■ reservoir and the mixing means; 

I. a normally closed valve connected in said second 
flow path so that infusate flows from said second 
reservoir to the mixing means only when said valve 
is opened, the infusates from said first and second 
reservoirs, when said valve is opened, supplement- 
ing one another to produce an integrated dosage, 
said valve being mounted in said housing and being 
accessible from without said housing so that it can 
be operated manually transcutaneously when the 
apparatus is implanted subcutaneously and 

J. a fluid outlet from said mixing means for conduct- 
ing said integrated dosage to an infusion site. 
9. The app«rah« defined in claim 8 wherein said 
valve comprises 



A. a length of flexible resilient tubing through which 
fluid flows between said second reservoir and the 
mixing means when the valve is opened; 

B. means normally clamping said tubing preventing 
fluid flow, therethrough, and 

C. means for selectively unclamping said clamping 
means. 

10. The apparatus defined in claim 9 wherein the 
clamping means comprises: 

A. a stop member; 

B. a first clamp section engaging one side of the tun- 
ing; 

C. a button; 

D first spring means reacting between the button and 
the stop member for biasing the first section against 
the stop member; 

E. a second clamp section engaging the opposite side 
of the tubing, and 

F. second spring means biasing the second clamp 
section toward the first clamp section. 

11. Implantable infusion apparatus comprising: 

A. a housing; # , 

B. a first collapsible infusate reservoir having an out- 
let and positioned inside the housing; 

C. means for collapsing said first reservoir to expel 
infusate from its said outlet; 

D. a second collapsible infusate reservoir having an 
outlet and positioned in the housing; 

E. means for collapsing said second reservoir to expel 
infusate from its said outlet; 

F. mixing means; said mixing means comprising a 
mixing chamber having a selected volume so that 
an integrated dosage containing a progressively 
lower percentage of bolus infusate continues to 
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flow to the infusion site for an appreciable time 
after said valve is closed; 

G. a first flow path having a first flow restriction 
characteristic connected between said first reser- 
voir and said mixing . means; . 5 

H. a second flow path having a second flow restric- 
tion characteristic connected between said second 
reservoir and the mixing means; 

I. a normally closed valve connected in said second 
flow path so that infusate flows from said second 10 
reservoir to the mixing means only when said valve 

is opened, the infusates from said first and second 
reservoirs, when said valve is opened, supplement- 
ing one another to produce an integrated dosage, 
and 15 
J. a fluid outlet from said mixing means for conduct- 
ing said integrated dosage to an infusion site. 

12. The apparatus defined in claim 11 wherein the 
volume of the mixing chamber and the flow rate 
through said outlet are related so that when said valve 20 
is opened and then closed, said integrated dosage of 
dispensed infusate has a dose rate which falls off more 
or less expotentially with a selected time constant. 

13. Implantable infusion apparatus comprising: 

A. a housing; 25 

B. a first collapsible infusate reservoir having an out- 
let and positioned inside the housing; 

C. means for collapsing said first reservoir to expel 
infusate from its said outlet; 

D. a second collapsible infusate reservoir having an 30 
outlet and positioned in the housing; 

E. means for collapsing said second reservoir to expel 
infusate" fronTits^said "out let; 

F. mixing means; 

0. a first flow path having a first flow 'restriction 35 
characteristic connected between said first reser- 
voir and said mixing means; 

H. a second flow path having a second flow restric- 
tion characteristic connected between said second 
reservoir and the mixing means; 40 

1. a normally closed valve connected in said second 
flow path so that infusate flows from said second 



. . reservoir to the mixing means only when said valve 
is opened, the infusates from said first and second 
reservoirs, when said valve is opened, supplement- 
ing one another to produce an integrated dosage, 

J. a fluid outlet from said mixing means for conduct- 
ing said integrated dosage to ah infusion site, and 

K. first and second valved passages leading from the. 
outside of said housing leading respectively to said 
first and second reservoirs by which said reservoirs 
may be refilled with infusate. 

14. The method of dispensing infusate inside a living 
body comprising the steps of 

A. conducting infusate in a first concentration or type 
at a first selected flow rate along a first path to a 
mixing chamber, 

B. conducting infusate in a second concentration or 
type at a second selected flow rate along a second 
path to said mixing chamber; 

C. conducting the infusate from the mixing chamber 
along a third path to an infusion site in the body; 

D. normally blocking the infusate flow from the sec- 
ond path to the chamber; 

E. momentarily unblocking the flow from the second 
path to the chamber at determined time intervals so 
that in said chamber infusate in the second concen- 
tration or type supplements infusate in the first 
concentration or type providing an integrated dose 
to the infusion site, and 

F. the chamber volume and third path flow rate being 
related so that when the flow from the second path 
to the chamber is blocked, the percentage of the 
second concentration or type infusate in the inte- 
gratedHose conductcdlcnHe~infusion site~fallsofT _ 
generally expotentially with a selected time con- 
stant. 

15. The method defined in claim 14 and including the 
additional step of providing a small volume infusate 
accumulator having a highly restricted inlet in the sec- 
ond path so that each time the flow from the second 
path to the chamber is unblocked, essentially the infu- 
sate contents of the accumulator flows to said chamber. 
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